
LYMPHOCYTE	ENUMERATION	
	
Background	

• Lymphocyte	enumeration	is	almost	exclusively	performed	using	flow	cytometric	methods	
• Applications	include:	

o CD4	enumeration	in	HIV	
o CD20+	B	cells	following	rituximab	therapy	etc	
o Diagnosis	of	PID	–	eg	T-B+	or	T-B-	SCID	

	
Principles	

• In	the	majority	of	laboratories,	lymphocyte	enumeration	is	an	example	of	a	dual	platform	
assay	(discussed	further	below)	in	that	proportions	are	obtained	from	flow	cytometry	but	
absolute	values	are	extrapolated	from	the	lymphocyte	count	obtained	from	a	haematology	
analyser	

• This	means	that	absolute	CD4	counts	etc	cannot	be	obtained	without	a	contemporaneous	
FBE	

	
Cellular	markers	used	in	lymphocyte	enumeration	
	 Most	panels	 Reference	range	

(adults)	
Paediatric	and	
adolescent	reference	
ranges	exist	

In	certain	situations	

T	cells	 CD3	 65-90%	(80%)	 TCR:	alpha/beta	
TCR:	gamma/delta	–	
especially	if	there	is	an	
expanded	population	
(>10%	of	DNT)	

CD4	 25-60%	(50%)	
CD8	 15-45%	(30%)	

B	cells	 CD19	(or	less	often,	
CD20)	

2-27%	(10%)	 	

NK	cells	 CD	16	and	CD56	 2-27%	(10%)	 	
	
Gating	strategies:	

• In	order	to	obtain	the	most	accurate	absolute	values,	the	proportions	obtained	by	flow	
cytometry	must	be	as	
accurate	as	possible	

• The	most	critical	step	
is	accurate	definition	
of	the	lymphocyte	
gate	

• Many	labs	prefer	a	
gating	strategy	
involving	CD45	vs	Ssc	
rather	than	the	more	
traditional	forward	vs	
side	scatter	

• The	advantage	of	using	CD45	is	that	it	allows	for	better	separation	of	lymphocytes	from	
debris,	platelets	and	basophil	population.	Otherwise	these	events	will	be	counted	in	the	
lymphocyte	gate.		
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Figure 1. The importance of the correct identification of the reference population in dual-platform determinations. A and 
B show the potential contamination in a Forward vs Side Scatter gate drawn around the lymphocyte population. This gate 
includes cell debris and platelets, (yellow), monocytes (cyan) and basophils (green). Note how the basophils (green) sit 
in the middle of the lymphocyte population on Forward Side Scatter. In C and D, CD45 vs Side Scatter is used to gate 
the debris, and monocytes and basophils are excluded.

It has been well documented that the dual-platform method has a higher inter-laboratory 
coefficient of variation (CV) due to the way different hematology analyzers derive the 
absolute WBC and lymphocyte count, and not to the CD4+ T lymphocyte percentage 
from the flow cytometer.4 The variance is seen to increase dramatically with WBC counts 
less than 0.1×109/L.5 That means this approach cannot be used for rWBC determinations, 
where very low counts in the order of 0.001×109/L may be encountered.

Single-Platform Approach

In the single-platform approach, the absolute cell count is derived from the flow cytometer 
itself, without the need for a hematology analyzer. A very precise, known volume of 
sample is mixed with relevant antibodies. A gating strategy is employed to accurately 
identify the cell population of interest and exclude any contaminating cells; identification 
of a “reference” population is not required. The cell population of interest can then be 
related back to the original blood volume by a variety of different methods.
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• The	major	disadvantage	is	that	CD45	must	be	added	in	all	tubes	and	uses	up	a	fluorochrome	
(less	of	an	issue	in	lymphocyte	subsets	than	oncology	panels	as	in	an	8	colour	system	you	
have	plenty	of	spare	fluorochromes)	

	
Quality	control	

• Lymphosum	is	an	internal	quality	control	check	that	should	be	performed	on	all	samples	
o T+NK+B	should	=	100%	
o CD4+CD8	should	=	total	CD3	(may	not	if	gamma	delta	T	cells	present)	

	
	
Dual	vs	Single	Platform	Methods	
	
	 Dual	platform	 Single	platform	
Principle/method	 Proportions	of	lymphocyte	

populations	are	obtained	(as	a	
percentage	of	lymphocyte	gate)	
using	flow	cytometry.		
Total	lymphocyte	count	is	
obtained	from	haematology	
analyser.	Proportions	X	count	=	
absolute	number	of	specific	
subset	

A very precise, known volume of sample is 
mixed with relevant antibodies. The cell 
population of interest can then be related 
back to the original blood volume by a variety 
of different methods 
1) Microbeads: known number of beads in 
known volume of blood. Cytometer counts 
beads and can calculate the volume of blood 
containing the cellular events 
2)	Volumetric:	exact	volume	is	pipetted	and	
added	to	flow	cell.	Absolute	number	=	
events/known	volume	

Advantage	 Cheap,	less	technical	skill	
required	

Lower	CV	(eliminates	one	source	of	error)	
Does	not	require	FBE	

Disadvantages	 Data	is	extrapolated	not	directly	
measured	
Less	accurate	at	counts	<1X109	
Potential	to	multiply	error	from	
2	sources	

Expensive	(beads)	
Prone	to	operator	error	(pipetting	must	be	
extremely	accurate)	

	
	
CD4:CD8	ratio	

• Normal	range	for	CD4	:CD8	(0.9-3.7)	–	typically	2:1	
Causes	of	inverted	ratio	
	 Decreased	CD4	count	 Increased	CD8	Count		
	 Infections:	HIV,	HTLV	

Immunodeficiency:	
CD4	lymphopenia,	
CVID,	Bare	lymphocyte	
syndrome	(MHC2	
defect)	
Autoimmune:	SLE	
Iatrogenic:	
immunosuppression	
(tacrolimus,	MMF	etc)	
	

Reactive:	
Malignancy	
Viral	infection	
	
Primary	malignancy:	
CD8	positive	T	cell	
lymphoproliferation	

	


